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(54) Compositions and methods for increasing the Immunogenicity of tbmor ceils by 
administration of B7 and CD2-transfected cells ^ 



(57) The present invention is directed to a method 
of inhibitingtumor cell growth. Tumor cells from a patient 
are transfected to express both B7 and a CD2 ligand on 
the surface of the transfected tumor cells and these cells 
are then readministered to the patient. The presence of 
the 87 and CD2 ligand molecules on the tumor cell sur- 
face stimulates a broad immunologic response against 



both the transfected and non -transfected tumor cells 
and results in the immunologic killing of localized and 
metastatic tumor cells. B7 and CD2 ligand transfected 
tumorcells, or cell membranes, serve as an immune en- 
hancer to engender a potent immunologic respons 
against the surface antigens present on the tumors 
cells. 
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to^Hinn nn«i nf cancGf resesrch ha s been t o stimulate the im munolo gical rejection of tumors. This goal is 

luimr5peclllo™le<:lionanlisens(Cheii.lal.l99l.Bs^ J ^* /™nt«»/. H:M29). «!** "»«» 

M p<o»lns encoded by the T^?^ '^''^.^T-Sla* " ■««"'" »< ' 

rj;s:rcr:,»neJSe^=^e'^r,.d.,K«'^ 

of a T cell response in addm^ t^^^^^^ a engagement by llgands 

secoTKl antigen nonspecificocosumulato^^^^^^^^^ 

and LInsley, 1993. Curr. Opin Immunol. *2f -270V ^ 
M eee o. *e —"^^S^^^S-xl^lion 0. coalmlalo, mc-eculee inlo« 

ssrsr5.rtsi^r:5.in»««^.o«.e.pee«.«^ 
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tumor radication in immunocompetent hosts. 

The co-stimulatory molecule B7has been usedtotransfect tumor cells (EP A-0 600 591 ; copending U.S. Application 
Serial No. not yet assigned, filed March 10» 1995, which is a file wrapper continuation of 08/161 ,183, filed December 
1. 1993, which Is a file wrapper continuation of 08/006.102. filed January 15. 1993. which is a continuation-in-part of 

5 07/956.123, filed October 2. 1992 is incorporated by reference in its entirety; Chen et al.. 1992. Celt 77:1093-1102; 
Townsend and Allison, 1993. Science 259; 358-370; Baskar et al., 1993. Proa Natl Acad Sci. USA 90:5687-5690). 
87 transfected murine tumor cells which express a viral tumor rejection antigen (HPV 16 E7) were shown to hav 
increased immunogenicity when injected into an immunocompetent syngeneic host. Surprisingly, following immuniza- 
tion with the 87-^ E7* transfected tumor cells. B7'E7^ tumor ceils were also rejected. Weakly immunogenic tumor cells 

10 transfected with 87 have also been shown to have Increased immunogenicity than that seen with the parental tumor 
cells. The rejection of non-transfected tumor cells following immunization with a 87 transfected tumor was also seen 
with these types of tumor cells. I nteraction of87 with CD28 also has been found to costimulate cell-mediated cytotoxicity 
and proliferation of T cells initiated by either anti-CD2 or ant[-CD3 monoclonal antibody (/^zuma et al.. 1992. J, Erp. 
Med. 775:353-360). 

IS CD2 is a co-receptor involved in both T ceil adhesion and activatbn (Moingeon et al., 1 989. Immunol. Rev. Ill: 
111 and Bierer and Burakoff, 1989, Immunol, Rev. 111:267). In the mouse, the natural ligand for CD2 has beeri defined 
as a 45 kDa glycoprotein designated CD4& (Kato et al., 1 992, J. Exp. Med. 17^.\ZA\ A 249). Interaction between murin 
CD2 and its ligand. CD48, are believed to be responsible for CD2-depe'ndent adhesion in the murine system and atlso 
for T cell activation. In the human system, three CD2 ligands have been identified: CD58(LFA-3), CD59 and CD48 

20 (Hahn et al., 1993, m Lymphocyte Adhesion Molecules, Shimizu ed., pp 105-134, R.G, Landes Co.). As in the murin 
system, human CD2 interactbn with its ligand plays an important role in modulating and amplifying antigen-specific T 
cell responses. 

Certain types of tumor cells still are considered non-immunogenic by standard immunologk: assays. Transfection 
of these tumors with 87 alone does not appear to increase the immunogenicity of these tumor cells. In addition to 
25 lacking immunogenicity, these cells cannot efficiently induce tumor-specific CD8+ CTL in its syngeneic host. What is 
heeded in the art are compositions and methods for increasing the immunogenicity of tumor ceils, particularly weakly 
immunogenic or non-immunogenic tumor cells, and their ability to induce tumor specific cytotoxic T lymphocytes The 
present inventk>n provides such compositions and methods. I 

. ^' 

30 Summary of the Invention 

The present invention comprises compositions and methods for increasing the Immunogenicity of tumor cells. In 
particular, the immune response to weakly or what are considered non-immunogenic tumors can be Increased using 
the compositbns and methods of the present invention. The compositions comprise tumor cells transf ectedr.with a 
' ' ' <35 gene encoding 87 and a gene encoding a CD2 ligand so as to express 87 and the ligand CD2 on the surface of the 
transfected tumor cells. Using these compositions In vitro and in vivo the immune response to both the transfected 
tumor cells and non-transfected tumor cells is increased. The tumor cells used for the transfections can be isolated 
from a tumor bearing patient. 

Phanmaceutical compositbns for use in increasing the immune response or immunogenrclty of the tumor cells can 
40 comprise the transfected 87+CD2 ligand+ tumor cells with a physiologically acceptable carrier. The transfected tumor 
celts can be alive or can be provided in an attenuated form. By attenuated is meant the cells are weakened so as to 
grow and proliferate much more slowly than the non-attenuated cells or they are dead. The compositions can also 
comprise membranes Isolated from the 87-*-CD2 ligand^ transfected tumor cells combined with a physkitogically ac- 
ceptable carrier. 

45 Methods for increasing the Immune response or immunogenicity to a tumor cell are also encompassed by the 

present invention. In such methods, the tumor cells, particularly non-immunogenic or weakly immunogenic tumor cells, 
are transfected with a gene encoding 87 and a gene encoding a 6-02 ligand such that 87 and the CD2 ligand are 
expressed on the surface of the transfected tumor cells. The B7'*-CP2 ligand**^ transfected tumor cells are grown up 
and collected prior to administration to a tumor bearing patient in an immunogenically effective amount. The tumor 

50 cells in particular are non-immunogenic or weakly immunogenic and, even more particularly, are isolated from the 
tumor bearirig_ patient, ^^ethods of the present. invention can also cprrip^rjse administering, attenuated transfected 
87+CD2 ligand* tumor cells or membranes isolated from the transfected tumor cells. 

Further, the present invention comprises methods for stimulating a tumor-reactive cytotoxic T lymphocyte re- 
sponse. In these methods, tumor cells, particularly weakly immunogenic or non-imrhunogenic tumor cells, are trans- 

55 fected with a gene encoding 87 and a gene encoding a CD2 ligand such that 87 and the CD2 ligand are expressed 
on the surface of the transfected tumor cells. These transfected cells, either alive, in an attenuated form, or as cell 
membranes, are then administered to a tumor bearing patient in an Immunpgenically effective amount. Once an immune 
response to the tumor ceils has been detected, lymphocytes can be isolated from the tunnor bearing patient. The 
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and M»te.Wn-2 to "^^^r^'^^^J^^it. acceplablo cairtei ana adminisKred back to the tumor beanng 

Brief Description of th« Drawings 

FIGURE 1 Shows expression of CD48 and B7-1 molecules on Ag104 transfectants. Cells were stained with FITC- 
coniS a^ti 00^X^67-1 mAb or the control mAb and were subjected to FACS analysis. A total of 5.000 

"'^"u'FEfs"otl°gS^^^ induced by CD48^ Ag104 cells in syngeneic m«e.Mice were injected subcu- 

. . Ih rJ^TiSce^Lt 1 X 106 cells/mouse. Tumorsize was assessed weekly by measuring perpendicular 

^^rs" -Lions Of the means. Simi.r resu. 

cni' E^"Aa104 cThs and ?helr specificity. Groups of five mice were injected with either CD48*Ag104 cells (B) or 
coiS^i? ceL Sal X i ,^ells/mouse subcutaneously. Ten days later, tumor nodules were removed su^ - 

cr^Ln'^ltwe^^^^^^^^ 

r cHi^= PTi adivitvaoainst 6iCr-labeled target cells as indicated . . 

SrE «ls^ure ot three^Jay pul,Sona.v micrometastasis of wild-type Ag104 cells by adoptee rans er 
, T r^^^Tcvl v^rZe in g«>up8 of 10. were injected intravenously with wild-type Ag104 cells at 1 x 

of cytotoxic T • «ith 5 X 106 cells of cytotoxic T.cell line AICTL by intravenous 

cSfne specific for H-2S antigens and IL-2. The mice were monrtored da.hr for sun,.val.. 
Description oltlio Preferred Emisodlrnents 

The oresent invention is directed to compositions and methods for increasing the immunogenicity o';""»r cells. 

tumor cells transfected and most importantly, non-tiansfected tumor cells. 

*° "Jl^an b^ ^lanCScinol iS^^^^ »or eLple. carcinoma of the breast, colon, pa-eas ^.ad^ 

Tumor ceils can oe fnewnu. _ ^ beanng patient or from 

>*cad. Sc». tf/*/* „ " J ' . , - -,odel for the human system a DNA fragment encoding the munne CD2 hgand was 
TShi r^eSlX^ a^^ the T cell receptor CD2 (Kato et al.. 1992. J. Exp. Med. 

r7?i4l"^^^ 

T cells and to iriduce their proliferation (Bierer and Hahn. 1993. Sem,nar/n Immunol. fi249-261). 
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In th case of the human, a DNA sequence encoding a human CD2 llgand, such as LFA-3(CD58), CD59 or CD48 
would be used. Once the described DNA sequence encoding the CD2 ligand has been amplified, the fragment can be 
inserted into on of many vectors available in the art including pRC/CMV. pLXSHD or CDM8. Th vector can include 
the coding regbn for B7 or for th CD2 ligand, or could encode both d p nding on the anx)unt of heterologous DNA 
5 the particular vector chosen is able to accomniodate. Methods for the genetic manipulations are well known to th 
skilled artisan (See, Sambrook et al, 1989, Molecular Cloning, A Laboratory Manual, 2nd Ed., Cold Spring Harbor 
Laboratories, incorporated herein by reference in its entirety). The expression vector can then be transferred into the 
tunrior cell by electroporation, CaCl2 precipitation, injection or by other well known techniques. 

The B7 and CD2 ligand construct can also be introduced into the tumor cells by other methods including using 

10 retroviruses (Kuriyama et al., 1991:, Cell Stnjc. andFunc. f6;503-510), or immunoliposomes (Martin and Papahadi- 
poiilos, 1 982, J. Biol Chem. 257.286-288) as vehicles for introduction of the vector One of skill in the art will recognize 
that many other methods are available and that the present invention is not limited by the specific method used. 

Once a populatbn of tumor cells has been transfected with the vectors encoding B7 and CD2 ligand, it is then 
necessary to screen for those transfected tumor cells which express on their surface both B7 and the CD2 ligand. 

is Screening for transfected cells can be carried out by such methods as flow- cytometry analysis, where antibodies 
specific for B7 and for the CD2 ligand are labeled with a fluorescent molecule and those cells which are positive for 
both B7 and CD2 ligand are separated from the non-transfected and singly transfected tumor cells. Successfully trans- 
formed cells can also be identified by other well known methods including analyzing the DNA content of the* transfected 
cells, an ELISA assay or any other antibody based assay system. Other assays capable of testing for B7 and C02 

20 ligand expression on the surface of the transfected tumor cells would be known to be skilled artisan. 

B7+ and CD2 ligand^ transfected tumor cells of the present invention can be used directly in the formulation of a 
pharmaceutical composition which can be administered back to the tumor bearing patient to increase the patient's vi 
immune response to a tumor. In such a formulation, the transfected tumor cells can be combined with a physiologically ^ 
acceptable carrier. By a physiologically acceptable carrier is meant an aqueous solution which approximates physio- % 

2S logical conditions. A variety of physiologically acceptable carriers are known in the art and can be used, e.g., water, 

buffered water, various concentrations of saline, glycine, and the like. Auxiliary substances can also be added, as 4 
required, to approximate physiological conditions such as pH adjusting and buffering agents, toxicity adjusting agents, J: 
and the like, for example, sodium acetate, sodium chloride, potassium chloride,- calcium chloride, sodium lactate, etc. 
The transfected tumor cells can also be used in an attenuated form. By attenuated Is meant that the transfected 

30 turnor cells have been weakened or killed so as to reduce or stop their ability to proliferate. Methods for accomplishing 

this weakened or killed state are well known in the art and can Include treating the transfected cells with;;chemical -^^^ 

agents, heat or radiation. For example, a sample of transfected tumor cells can be T^irradiated with aboutii3,000 to 

1 5,000 rad of 7 radiation for 2 to 10 minutes. Thistreatment kills the cells without damaging or altering the immunogenk: 

or antigenic epitopes of the molecules on the surface of the transfected tumor cells. \ , f 

35 Cellular niembranes from the transfected tumor cells ofthe present invention can also be used in the fomnulation i, 

of phamnaceutlcal compositions. The transfected tumor cells can be disrupted or lysed by any one of several methods v% 
known in the art, such as sonication, a French press, or other mechanical means, or by using enzymes or other chem- \^ 
icals, etc. Once the transfected tumor cells have been disrupted, the cellular membranes can be Isolated such as by 
gradient centrif ugatlon, differential centrif ugation or the like. The collected membranes can then be fonhulated with a 

40 physiologically acceptable carrier to provide a composition which can be administered back to a tumor bearing patient. 

In treating a patient, the compositions of the present Invention would most likely be used as an adjuvant to existing 
cancer treatments, such as surgery, radiation therapy and chemotherapy. Once the majority of the tumor load has been 
removed, the compositions of the present invention can be adrninistered in an immunogehk:ally effective amount to 
enhance the immune response of the tumor bearing patient. This enhanced imniune response would to slow or stop 

45 the recurrence of a tumor, the growth of metastatic lesions or regrowth of tumor cells which were not destroyed by the 
initial therapy. This proposed use of the present Invention Is not Intended to limit the use of the compositions of the 
present invention as a secondary or adjunctive therapy, but is intended to provide a framework for how the compositions 
woukj be used initially. 

The precise ampurit or number of transfected tumor cells or transfected tumor cell membranes constituting an 
so immunogenically effective amount necessary to enhance the immune response will depend on the patient's state of 
health, the irnmunpgeniclty of the transfected tumor cell_and jDtherJactprs. Skigje or multiple. adminlstratbns can be 
carried out with dosage levels and patterns of administration being selected by the treating, physician. Methods are 
well known in the art on how to monitor a patient's bnmune response to the composjtksns of the present invention and 
protocols as to how to adjust dosage levels are also well known. In any event, the pharmaceutical composition should 
55 provide a quantity of B7+ and CD2 ligand+ transfected tumor cells or tumor cell membrane sufficient to effectively 
elevate the patient's immune response to a tumor 

In a preferred method for treating a tumor bearing patient, a tumor can be removed from the patient as part of the 
primary treatment regime for the cancer. The tumor can then be broken up into indlvkJual cells. A single cell suspensk)n 
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of tumor cells can then be transfected wrth a gene encoding B7 and a gene encoding CD2 Igand such that B7 and 
CD2 tond ar^^^^^^ on the surface of the transfected tumor cells. Cells expressing both B7t and CD2 hgand* 
^ZT^uriace Z^£\B6 and formulated with a physiologically acceptable carrier prior to administration back to 
It^l bSLTaSfoe^^^^^^^ 
5SS?animS^^^^^^ 

^S^tTZ^^^^^^e^^^9^e administratk>n or in multiple administrations at the physician's discretonjhe 
pSent wSbl monitored by star^ard methods to determhe the elevation of Immune response to the tumor which 

Sh^fherfpeutic method of the present inventbn is a method for stimulating a tumor-reactive cytotoxic T lym- 
DhocXespons7Se method comprises transfecthg atumorcell. preferably removedfrom atumor beanng paUent 
Sene encSing B7 anda gene encoding a CD2 ligand such that 87 and CD2 ligand are expre^ed on the surface 
of the JransfeSS tumor cell. TOs transfected tumor cell expressing 87 and GD2 ligand on rts surface would be ad- 
SirSto tS e tumor bearing patient in an immunogenically effective amount. After a penod of time the pa lent 
r^be moni o° d tor an immune response to the tumor cells and after a sufficient resporise v^s detected. Vm- 
Th^tes wouTbe isolated from the tumor bearing patient. The isolated lymphocytes can then be grown ,n vnjv. 
Sab y^me present of nontiansf acted or transfected tumor cells and a lymphokine or cytotoe. e.g.. interteuk,^ 
Tta ncrease the number of tumor-react^/e cytotoxte T lymphocytes. The activated tymphocytes are collected and 
^brd wTh a physiologically acceptable carrier. A therapeutically effectwe dose of tumor-reactwe cytotoxic T lym- 
Zcrs IS .hen adm otetLd back to the tumor bearing patient. By therapeuttealV effecth/e dose .s meanta sufficient 
Slbefo cvicloxt: T lymphocytes to enhance tumor cell kiHing in vivo. Adoptive immunotherapy '"f t^o^s such as 
"ZT^LZZ'elelnol^n the art (See, .or example. Rosenberg et al.. 1986, ^«"-^f«^^2«-^^^1^^er- 
iore ailerations and modifications of the above^Jescribed method are anticipated and would be recognized by the 

''"'^,eSwlng experimental data and infom^atton are offered by .way of example and are not intended nor are they 
25 to be conslroodas limitations to the scope.of the present invention.. ( 

Examples 

Mififl and Cell Lines 

Female C3H/HeN (C3H) mice. 4-6-weeks old. were purchased from the Jackson Laboratory (Bar Harbor. MBy 
Aalora?Don?^ers Sa^^ of C3H (H-2") origin (Ward et al.. 1989, J. Exp. Melt f 7tt217-232). was prov^ 

Dr Hans SeTr of SSJy of Chicago, fhe EL4 thymoma (ATCG TIB 40) is of C57BU6 (H-2^ ongin. Tl, 
oi 1 i„^nhnm« ATCC TO is derived from DBA2 (H-2<0 mice.. YAC-1 (ATCC TIB 160) is a natural killer-sensitiv 
fymiSTAS^^^^^^^^^ 

SiriSa^rlnd Once acquired, all tumors were briefly expanded vitro and frozen to decrease^expenmental 
va^aC. ATcelTs Ire maintained /. vitro at 37-C in DMEM containing 107. fetal calf serum (FCS, HyClone. Logan. 
Utah) for no longer than one month before in vivo expenments. 

40 Clonina and Transfection of Murine CD48 

A DNA fragment encoding the entire open reading frame of murine GD48 was amplified by 'jy^rse transcription. 
coupirPCR (cln et al.. 1991 . P«k:. WafV. Acad. Sc^^ 



30 



35 



46 



sense primer 



(5-- GCTAAAGCTTCTCGAACCGCCACCATGTG CTTCATAAAACAGGGAT-3'); 



(SEQIDNO.l) 

consists of an oligonucleotide corresponding to 51 -72 nucleotides of murine CD48 cDNA (Wong et al.. 1 990. J. Exp. 
■so Med. t7f:2115-2130) plus restriction sites for Hind III and Xhol. The antisense primer 

(5'- CGTAAAGCTTCTCGGAGTCTAGAGTTCCTTGTCA GGrrAACAG-30; 

(SEQIDN0:2) 

ss corresponds to 762-773 nucleotides o1 murine CD48 cDNA plus sites for Hind III. Xhol, and >*al. The PGR product 
3iS cled into the vector pRC/CMV (Invrtrogen, San Diego, CA). The sequence of '-^"'-^^f^^^^^^ 
by DNA sequencing analysis Ag104 cells were transfected with this v-tor by e^ectroporat^ S^ZS^tT^l 
were selected in medium containing t mgAnl G418 (Life Technologies. Grand Island. NY). The B7* Ag104 cells were 
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also transfected with the vector and positive clones were sorted by FACS as described (Chen et al 1 992 Proc Natl. 

Acad scL USA aB^^0'^^4). 
Antibodies 

Purified and fluorescein isothiocyanate- (FITC-) or PE-conjugated (phycoerytherin-) monoclonal antibodies 1G10 
(anti-mouse B7-1, PhamninGen, San Diego, CA), OX-78 (antl-nriouse CD48. rat lgG2a. BioSource International. Ca- 
marilk). CA). MAb 10,2 (anti-human CDS) was used as a control. 

Immunostaining and Flow Cytometry Analysis 

Single cell suspensions were Incubated at 4'C for 30 min with FITC-conjugated mAb and/or PE-conjugated mAb 
at 10 ng/ml, washed twice with DMEM containing 10% PCS, and analyzed on a Couler Epics C IV cytometer. 

Generation and assay of Cytotoxic f Lymphocyte activity. 

The methods for inducing and assaying for a CTL response to tumor cells have been described (Chen et al., 1 992, 
J ImmunoL 745:2617-2621 ) and were used with minor modification. Briefly, C3H mice in 4 groups (n=5) were injected 
subculaneously with 1x10^ cells/mouse of mock transfected, or B7^ CD48+. or B7*CP48-^ transfected Ag104 cells, 
respectively. Ten days later, growing tunnor nodufes were excised. After 7-21 days, mice from each group were sacrificed 
and a single cell suspension was prepared from the spleen. The spleen cells were then cocultivated with y-irradiated 
wild type Ag104 (non-transfected) cells (10.000 rads) in 24-well plate (Costa, Cambridge, MA) for 5 days. Long-term 
T cells lines were generated by restimulating the spleen cell cultures every 7-10 days withy-irradiated B7+CD48* Ag104 
, cells t1 0,000 rads) and irradiated splenocytes (3,000 rad) from C3H mice in the presence of human recombinant iL- 
2 (Cotus. CA) at 5 U/ml as described (Chen et ah. 1992. J, Immunol. 745:2617-2621). The cytolytic activity of lym- 
phocytes was examined in a standard 4 hr ^iCr release assay at different E/f ratios as Indicated in the figures. For 
antibody blocking experiments. mAbs were included during the 4 hr culture. 

Tumorigenicity studies 

Tumorigenicity of transfectants was assayed by injecting 1 x 1 0^ cells into the right back of mice in a 0.1 ml volume 
via a 26-gauge needle with a 1 ml syringe. The mice were scored for tumor growth every 4t8 days and tumor size was 
• documented by measuring two perpendicular diartieters in mm using a caliper. ^ 

Adoptive i mmunotherapy of established micrometastasis induced bv Aa104 with tumor specific Cytotoxic T 
Lymphocytes; 

These experiments followed a procedure as described (Kahn et al.. 1991. Jl Immunol 745:235-341) with minor 
modifications. Briefly, C3H mice, in groups of 10. were administered 1 x 10^ Ag104turT>or cells/mouse intravenously. 
Three days later, the mice were injected intravenously with 5 x 1 0^ cells of a tumor specific CTL line (Al CTL) or of a 
C3H-derived anti-H-2<* CTL line (Grabstein, 1980. in Selected Methods in Cellular Immunology, Michell et al., eds. pp 
124-1 27. W.H. Freeman & Co.) followed at day 4 by injection intraperitoneal ly of 10* U of rlL-2 (Cetus Corp., Emeryville. 
CA) every day for three days. Other groups of mice were either treated with the same dosage of rlL-2'only, or left 
untreated. The mice were monitored for sun/ival daily and when a mouse was found dying, the mouse was sacrificed 
and the lungs removed for confirmation of metastasis. 

Results and Discussion 

Agl 04 is a spontaneously-raised sarcoma from an aged C3H/HeN mouse and can not Induce a protective immunity 
by a variety of immunization and challenge procedures (Chen et al., 1994. J. Exp. Med, 179:523-532). Expression of 
B7-1 costjmulator by gene transfer did not make Ag104 cells imrriunogenlc and the Immunizatbn with.Ag104 cells, 
expressing B7-1 are not capable of eficTtIng a CTL response (Chen et aL, 1994, J. Exp. Med. 179.523 532), demon- 
strating the poorly-immunogenk: nature of this sarcoma line; 

FACS analysis of the expression of MHC and costimulatory molecules by specific mAbs revealed that Ag104 line 
expresses high level of both H-2K^ and vascular cell adhesion molecule 1 (VCAM-1 ), but it does not express MHC 
class II and several potential costimulatory molecules, such as B7-1, 87-2. CD48. intercellular adhesion molecule 1. 
2 (ICAM-1/II) and heat stable antigen (HSA) (data not shown). 

A recombinant plasmid, pRC/CM V-mCD48, containing the murine CD48 gene were constructed. This vector used 
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a CMV promoter to drive CD48 open reading frame expression and also conta ns '^1^'^^^^^^'^.^^,^. 
drua selectbn Turr^or lines, including wild-type Ag104or 67-1- Ag104, (Chen et al., 1994, J. Exp: Med. 179.523-532 
we^ tSed With thisvector and the clones Obtained from each line were screened by FACS for expression of 
CD^ ThSo 5 clones from each turr.or line vyhich stabh, expressed CD48 and/or B7-1 on the.r -rffpe we^ p^^^^^^^^ 
-for furth^erimentsrAfter /n v/voturrK)rigehicity-test8 (8ee.Fig.-2V 

exoeriments The CD48 and B7-1 expression in several representative clones were shown in Fig. V 

As shown in Figure 2. the wild-type Ag104 tumor grew progressively in all mice inoculated. Tumor also grew 
oroaresslvelv inmice inoculated with CD48*Ag1 04 and B7*Ag1 04 transfected tumor cells. In contrast; a transfectant 
ex^essinq both CD48 and 87-1 . namely B7*CD48*Ag104. completely regressed after a transient growth in^syngen.eic 
m^rSese data demonstrate that synergy between CD48 and B7-1 fe required In the lnduct«n of aefficent 
host responsefor inhibition of Ag104 tumor growth. - . ^ „,»u iir.H.«.tir« nf 

To demonstrate that decreased tumorigenicity of CD48-B7-A9104 tumor line is associated wrth *e induc^'W'^o 
specific CTL response, splenocytes from the mice immunized with the cotransfectants were harvested and further 
MM Wfro by co-cuttivation wnh Irradiated wild-type Agl04 cells and IL-? for 5 days. Subsequently they w^re 
tesTed f^rCTractivity in a standard siCr release assay. As indicated in Figure 3. bulk-cuttured spleen cells from the 
mice immunized with CD48*B7*Ag104 cells revealed a high level of CTL activity against wild4ype Agl 04 flls^O^igure 
3A) In^Sa? bulk cultured spleen cells from the mice immunized by CD48-Ag104 (Figure 3B) or B7> Agl 04 (data 
not shown) dW not show any significant CTL activity to wild-type Agl04 targets. 

Slk"ultured CTL f rom B7-CD48-Ag104-immunized mfee also showed a natural killer-like activrty since they 
lyseda natural killer-sensftiveYAC-1 cell line at a moderate level. However. ^^^'^^^^''^'^^^Zt. 
medteted lysis (data not shown), indicating that lysis of wild-type Ag104 is mediated by ^^^^"^ ^^^^^^^^ 
notioh isfurther supported by resistance of several syngeneic and allogenic tumor lines, such as K1 735-M2 melanoma 
and EL4 lymphoma, toiysis (Of bulk-cultured CTL (Figure 3A). ■ ^ , o„rf^t«H 

To determine whether the cytotoxic t lymphocytes induced from the mK:e immunized with co-transfected 
CD48-B7-Ag104 line can be propagated /r, vHroXo induce a potent CTL line, we repeatedly stimulatedthe sp'^n^''^ 
from the mice immunized with CD48*B7>Agl64 line and tested CTL activity in a 10-rnon h period. A feP'^f^"^'Jf 
CTL line. AlCTL. showed highspecificity against Ag104 cells anddid not lyseseveralothertumo^ 
1 cells We hav^ also found that of the AlCTL line. >99% cells are CDS- (data not shown). These data demonstrate 
that a CTL line specific for Ag104 can be propagated in Wfrofor extended perkxte ar,d cytolytic activ^.« enhanc^. 

To test whether the propagated cytotoxic T ^mphocytes can be utilfeed for 
tumora we employed a pulmonary micrometastasis model. As shown in Figure 4. the iniection of CSHAieN mice 
Senously wfth wild-type Agl 04 cells at 1 x 10^ cells/mouse led to death of all the mice within approximately 50 
Zl^^Tl^-^^fr^-^^ wKh AlCTL line and IL-2 were alK,e for over 60 days. In contrast^the mice t^a^ed 
with either IL-2 or IL-2 combined with a control CTL line did not prolong the survival of the mice (F'Qure 4).. The mice 
Which died were examined thoroughly for gross pathology and were found to ^ave died of turtjor growj "J <he lungs 
Co-expression of CD48 with B7-1 molecules on a poorly-immunogenic sarcoma Agl 04 has made possible the 
inductk^n of a potent CTL response to tugior antigen. Thus, even poorly-immunogenic tumor cells express tumor- 
sDeSraleSw^ can serve as a target for CTL in vitro and in vi^o although these potential antigens did not 
fndu^Snt CTL response in vivo. Furthermore, the cytotoxic T lymphocytes obtained can ^P^S^^d 'n 
and can further be used for adoptive imrhunotherapy to potentially cure a tumor or prevent regression of a tumor 

''''°^t?foi^S''Sption and examples are intended as illustrative of the present invention, but not as limiting. 
Numerous v4rtions and modifications may be effected without departing from the true spirit and scope of the present 
invention. 
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(1) GENERAL INFORMATION: 

(i) APPLICANT: CHEN. LIEPING 

HELLSTROM, KARL ERIK 

(ii) TITLE OF INVENTION: COMPOSITIONS AND METOODS FOR INCREASING 

THE IMMUNOGENICnY OF TUMOR CELLS 

(iii) N UM BER OF SEQUENCES: 2 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: BRISTOL-MYERS SQUIBB COMPANY 

(B) STREET: 3005 FIRST AVENUE 

(C) CITY: SEATTLE 
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(E) COUNTRY: USA 

(F) ZIP: 98121 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DGS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER 

(B) FILING DATE: 

(C) CUSSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION- 

(A) NAME: POOR, BRMN W. 

(B) REGISTRATION NUMBER: 32.928 

(C) REFERENCE/DOCKETNUMBER: ON0132 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 206 727 3670 

(B) TRLEFAX: 206 727 3601 



(2) INFORMATION FOR SEQ ID NO: I: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 46 base pairs 

(B) TYPE: nuclcic^aeid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
GCTAAAQCTT CTCGAAPCGC CAGGATGTGC-TTCATAAAAC AG^ 46. 

(2) D^ORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 43 base pwrs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xO SEQUENCE DESCRIPTION: SEQ ID N0:2: 
CGTAAAGCTT CTCGGAGTCT AGAGTrCCTT GTCAGGTTAA CAG 43 



Ctaims 

1 . A composition comprising tumor cells transtected with a gene encoding B7 and a gene encoding a CD2 ligand so 
as to express B7 and the CD2 ligand on the surface of the transtected tumor cell. 

2. The compositlon of claim 1. wherein the CD2 llgand^ 

3. the composition of claim 1. wherein the tumor cells are isolated from a patient .tumor. 

4. The composition of claim 1 , wherein the transfected tumor cells are attenuated. 

5. The composition of claim 1 . wherein the tumor cells are non-immunogenic or weakly immunogenic. 

. 6 A pharmaceutical composition for use in stimulating an immunogenic response to a tumor comprising tumor cells 
transfected with a gene encoding B7 and a gene encoding a CD2 ligand so as to express 87 and the CD2 ligand 
on the surface of the tumor cells and a physiologically acceptable carrier 

7. The pharmaceutical composition of claim 6, wherein the CD2 ligand is human LFA-S, CD58, CD59 or CD48. 

8. The pharmaceutical composition of claim 6. wherein the tumor cells are isolated f rom a patient tumor 

9. The pharmaceutical composition of claim 6, wherein the transfected tumor cell is attenuated. 

10. The pharmaceutical composition of claim 6 wherein the tumor cells are non-immunogenic or weakly immunogenic. 

11 A composition comprising cell membranes isolated from a tumor cell transfected with a gene encoding 87 and a 
gene encoding a CD2 ligand so as to express 87 and the CD2 ligand on the surface of the transfected tumor cell. 

i 2. The composition of claim 11 . wherein the CD2 ligand is human LFA-3. CD58, CD59 or CD48. 

1 3. A method for increasing the immunogenicity of a'turror cell comprising: 
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(a) transfecting the tumor cell with a gene encoding B7 and a gene encoding a CD2 Itgand siich that B7 and 
the C02 ligand are expressed on the surface of the transfected tumor cell; and 

(b) adnninistering to a tumor-bearing patient an immunogenically effective amount of transfected B7+ CD2 
ligand+ tumor cells. - 

14. The method of claim 13, wherein the CD2 ligand is human LFA-S. CD58, CD59 or CD48. 

15. The method of claim 13. wherein the tumor cell is isolated from the tumor bearing patient. 
1 e. The method of claim 1 3. wherein the transfected tumor cell is attenuated. 

17. The method of claim 1 3, wherein the tumor cell is non-immunogenic or weakly immunogenic. 

18. A method for stimulating a tumor-reactive cytotoxic T lymphocyte response comprising: 

(a) transfecting tumor cells with a gene encoding B7 and a gene encoding a CD2 ligand such that B7 and the 
CD2 ligand are expressed on the surface of the transfected tumor cells; 

(b) administering to a tumor-bearihg patient an immunogenically effective amount of the transfected tumor 
cells; 

(c) isolating lymphocytes from the tumor-bearing patient having an immunogenically effective response to the 

tumor cells; 

(d) growing the isolated lymphocytes in vitro in the presence of tumor cells or transfected turrior cells and 
tnterleukin 2 to increase the number of tumor-reactive cytotoxic T lymphocyles; and 

(e) administering a therapeutically effective dose of the tumor.reactive cytotoxic T lymphocytes to the tumor 
bearing patient. 

19. The rnethod of claim 18. Wheirein the CD2 ligand is human LFA-3, CD58. CD59 or CD48. 

20. The method of claim 1 8, wherein the transfected tumor cells are attenuated. 

21. The method of claim 18. wherein the tumor cells are non-immunogenk: or weakly immunogenic. ^ 

22. A compound according to any one of Claims 1 to 5. or a pharmaceutical composition in accordance with any one 
of Clairris 6 to 1 2, for use in the treatment of cancer 
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(54) Compositions and methods for increasing the immunogenicity of tumor cells by 
administration of 87 and CD2-transfected cells 



(57) The present invention is directed to a method 
of thhibitihgtumor cell growth. Tumor cells from a patient 
are transfected to express both B7 and a CD2 ligand on 
the surface of the transfected tumor cells and these cells 
are then readhninistered to the patient. The presence of 
the B7 and CD2 ligand molecules on the tumor cell sur- 
face stimulates a broad immunologic response against 



both the transfected and non -transfected tumor cells 
and results in the immunologic killing of localized and 
metastatic tumor cells. B7 and CD2 ligand transfected 
tumor cells, or cell membranes, sen^e as an immune en- 
hancer to engender a potent immunologic response 
against the surface antigens present on- the tumors 
cells. 
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